The recoil properties of the product nuclei from the interaction of 3.65 GeV/nucleon protons and deuterons with 118 Sn target have been studied by the method of catching foils on the beams of LHE JINR.
Introduction
The investigation of the interaction of high-energy particles with complex nuclei by induced activity method is limited to the measurements on the large residual nuclei that remain at the end of the reaction. The study of the large residual nuclei usually involves the measurement of either their excitation functions or their recoil properties.
In order to determine the recoil properties of nuclei the "thick-target thick-catcher" experiment is used. In such experiment the thicknesses of the target and catcher foils are larger than the longest recoil range. The quantities measured are the fractions F and B of product nuclei that recoil out of the target foil into forward and backward directions. respectively.
The results of the experiment are usually analyzed by the standard two-step vector representation [1] - [3] . The following assumptions were made in this model:
(1) In the first step, the particle interact with the target nucleus to form an excited nucleus with the velocity v,momentum P and excitation energy E * . (2) In the second step, the excited nucleus loses mass and excitation energy to form the final recoiling nucleus with the additional velocity V, which in general will have a distribution of values and directions. Usually additional assumptions were made in most experiments:
(a)The quantities v and P in the first step are constant [4] and lie in the forward direction.
(b)The velocity in the second step is isotropic.
The results of the recoil experiments depend on the range-energy relation of the recoiling nuclei. It is convenient to express this relation as [2] :
where R is the mean range(corresponding to V ) of the recoil in the target material, k and n are constants and can be evaluated from the tables of ranges of nuclei recoiling into various materials [5] . The following relations were used for forward and backward fractions:
where η = v/V and W is the target thickness in mg/cm 2 . The reaction product mean ranges (R) and the velocities transferred to residuals on the first (v) and second (V) steps of reaction have been calculated using the following expressions [2] :
The recoil properties of nonfission reactions, induced by protons with energy 1 GeV and more were analyzed by two-vector model in the paper [6] . Systematic deviations of the resulting parameters were attributed to the presence of fragmentation. The kinematic properties of radionuclides formed in photospallation reactions on complex nuclei at intermediate energy and comparison with the proton-nuclear reaction were made in the paper [7] . The recoil properties of nuclei produced in the photospallation of 65 Cu target were investigated by us in [8] . The purpose of this work is the investigation of kinematic properties of product nuclei formed in the target 118 Sn by the method of catching foils. protons and 2 × 10 13 deuterons. The target consisted of a high-purity target metal foil of 20x20 mm 2 in size sandwiched exactly by one pair of Mylar foils of the same size, which collected the recoil nuclei in the forward or backward directions with respect to the beam. The enrichment of the target was 98.7 %, the thickness of each target foil was 66.7 mg/cm 2 and the number of target piles was 15. The whole stack, together with Al beam-monitor foil of 140 mg/cm 2 in thickness was mounted on a target holder and irradiated in air.
Experimental setup and results

Targets
After irradiation the target foils and all of the forward and backward catcher foils from one target pile were collected separately, and assayed for radioactivities nondestructively with high-purity Ge detectors LNP JINR during the year. The radioactive nuclei were identified by characteristic γ-lines and by their half-lives. The spectra were evaluated by the package of DEIMOS [11] The kinematic characteristics of thirty product nuclei were obtained for deuteron-and proton-nuclear reactions. The relative quantities of the forward-and backward-(relative beam direction) emitted nuclei were calculated from relations:
where N F , N B , N t are the numbers of nuclei emitted in forward and backward catchers and formed in target foils respectively. The recoil parameters obtained in these experiments are the forward-to-backward ratio, F/B, and the mean range, 2W (F + B).
[The mean range of the recoils is somewhat smaller than 2W (F + B), but it is conventional to refer to the latter quantity as range]. The mathematical formalism of the standard two step vector model [2] was used for the analysis of experimental results. The parameters k and n in equation (1) are obtained by fitting the range dependence on energy of accelerated ions within the region from 0.025 to 5 MeV/nucleon [12] . It is possible calculated η and v from the equation (3),knowing F/B ratio of the experiment. The results were shown in Tables 1 and 2 . It is to be mentioned that uncertainties concerning definite quantities in the table are missing not to overload the tables. These uncertainties are within 10-15%. As is seen from the tables the kinetic energies of product nuclei on the proton induced reactions are higher than on the deuteron induced reactions. Probably the proton is the most effective agent of linear momentum transfer on a per nucleon basis when compared with deuteron [13] , [14] .
As is seen from Figure 1 the ratios F/B for both proton and deuteron induced reactions are ∼ 3 ÷ 4 for the heavier product nuclei and decrease till ∼ 2 for the light residuals. This type of dependence could be explained by different mechanisms of production of nuclei in different mass regions. Light nuclei have been produced by multigragmentation mechanism that lead to the isotropic distribution while the heavier nuclei have been produced by the spallation mechanism and its product more in forward direction. Some of our recent publications [15] , [16] point out the multifragmentation mechanism for the formation of product nuclei with light and medium mass number.
It is interesting to note that the forward velocity v increases practically linearly with the increase of ∆A (∆A = A targ. − A res. , A targ -the mass number of target and A res -the mass number of product nuclei), but seems to change it slope at around ∆A = 60. This also due to different mechanisms of production of these nuclei (Fig.2) . Fig.3 shows the dependence of the fragment kinetic energy, T, on the fractional mass loss ∆A/A. Cumming and Bachmann [17] and Winsberg [3] have shown that T should increase linearly with ∆A/A for reactions in which the velocity of the product is due to the vectorial addition of the randomly directed recoil velocities resulting from particle emission. In this Figure the results received for Ag target by Porile et al. ([6] and citation in paper) were dotted. As it is seen from Figure 3 the results for Ag well agree with our results.
The deviations from the observed trend seen for large fractional mass losses are indicative of a change in mechanism. The formation of light fragments at the high energies of present interest is known to involve a multibody breakup [18] . One possible mechanism for such a process is the simultaneous clustering of nucleons into fragments near the liquid-gas critical point [19] . This process is essentially different from the sequential evaporation process by which deep spallation products are formed. It appears that the mean kinetic energies of the products provide a qualitative method for distinguishing between these two mechanism [20] .
In Tables 1 and 2 excitation energies for the formation of product nuclei were also shown. The relation between excitation energy (E * ) and v may be written as [22] :
where E * and the bombarding energy T p are expressed in terms of m p c 2 . A T is the target mass in amu and v is in units of (MeV /amu) 0.5 . Usually the constant k ′ = 0.8. As is seen from tables the excitation energies are higher than the multifragmentation threshold E th = 2 − 4MeV/nucleon (E tot = 216 − 424MeV) [21] for the light and medium residuals. It seems that these nuclei are produced not only by evaporation mechanism but also by multifragmentation mechanism.
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